serum (1 1 ). Three ganglia were placed on each slide and incubated at 37 C in 95 °" air and 5 °" CO.., for 24 hr. The fiber outgrowth from the ganglia was observed under dark-field illumination and numerical scores (index 0-8) of intensity were assigned to each ganglion.
Optimal fiber outgrowth (dense halo of fibers, maximal fiber length) was designated as index 4 and corresponded to one biological unit (BU) of NGF (1 1 ). Supraoptimal concentrations resulted in increased density of the fiber halo concomitant with a reduced fiber length (index 5-8).
RESULTS
Effect of purified NGF on fiber outgrora,th 2.5 S NGF at various concentrations from 0.1 nM (2.6 ne ml) to 6.4 nM (165 neml) resulted in a gradually increased fiber outgrowth in embryonic chick dorsal root ganglia after 24 hr in culture. The optimal response (index 4) i.e. a dense halo of long, straight nerve fibers, was obtained with 0.8 to 1.6 nM 2.5 S NGF. Supraoptimal doses (index [5] [6] [7] [8] resulted in a dense outgrowth, at which time the length of the individual fibers was progres sively reduced. The outgrowth with suboptimal doses was sparse (0.1-0.8 nM) (Fig. 1, 2 ).
Effect of crude extracts from male mouse submandibular gland
Crude extract from adult male mouse submandibular glands stimulated neurite out growth in our system in concentrations of 0.08 (index 1.5) to 20 ' g protein per ml tissue culture medium (index 6). The optimal response (index 4) was obtained with 2.4 ug/ml (Fig. 3) .
Effects of ACh, cyclic nucleotides, concanavalin A and depolarization by potassium I n a second set of experiments the effect of ACh, dibutyryl cyclic AMP and GMP, concanavalin A and KCI on fiber production by embryonic chick dorsal root ganglia in culture was tested over a wide range of concentrations. Optimal effects were obtained with ACh (3.2 oM), dibutyryl cyclic GMP (0.5 mM) and dibutyryl cyclic AMP (4.0 mM) (Fig. 4, 5b) . The outgrowth observed under these conditions was clearly different from that obtained with NGF: only a few curved nerve fibers were present (index 2). KCI (0.01 10 mM) and concanavalin A (0.1-100 dog/ml) had no stimulatory effect on neurite out growth by embryonic chick dorsal root ganglia. ACh (1.6 and 3.2 ,,A), dibutyryl cyclic AMP (0.25 and 0.5 mM), dibutyryl cyclic GMP (2 and 4 mM), concanavalin A (6 and 12
,ig/ml) or KCI (0.1 and 1 mM) had no influenced on either the NGF-mediated fiber out growth nor that evoked by submandibular gland extract.
Potentiation of* the effect of NGF by GRb, Effects on nerve fiber production were nil when GRb, in concentrations of 0.3 to 30 /eM was given alone. On the other hand, a marked potentiation of the effect of NGF occurred in the presence of 3 and 30 ;,LM GRb,, resulting in a pronounced shift of the dose-response curve for NGF (Fig. 2, 5a ). Thus, optimal fiber outgrowth in the presence of 30 /1M GRb, was achieved with 0.16 nM NGF, or with 0.39 nM NGF at a concentration of 3 PM GRb,.
The smallest concentration at which an unequivocal response could be obtained was 0.006 nM NGF in the presence of 30 tM GRb, (Fig. 2) . These results indicate a marked potentiation of the original effect of NGF by GRb, (about 30-fold at low concentrations of NGF (index 2) and about 7-fold at optimal concentrations (index 4). A lesser but still significant poten tiation (about 4-fold) of the effect of crude submandibular gland extract by GRb, is shown in Fig. 3 . The optimal concentration of submandibular gland extract (index 4) was shifted The smallest concentration for which an unequivocal response could be obtained was 0.04 ,tg protein/ml submandibular gland extract in the presence of 30,!M GRb, (Fig. 3) . These results indicate a 4-fold potentiation of the original effect of NGF by GRb,.
There was no potentiation of the effect of ACh, dibutyryl cyclic AMP, dibutyryl cyclic GMP, concanavalin A and KCI on nerve fiber pro duction by 3 or 30 ,%M GRb,.
Effect of NGF-antihod.V on fiber out,~,rou th produced h .r ,A Ch and ca•clic nucleotides
To determine whether or not the slight fiber outgrowth seen with ACh and cyclic 
DISCUSSION
The present experiments confirm the well established fact that both purified i~-NGF and crude extracts of the male mouse submandibular gland evoke a concentration-dependent outgrowth of nerve fibers from chick dorsal root ganglia (1, 11 ). Quantitative differences in fiber outgrowth occurring on either side of the optimum in the dose-response curve, were observed to be the same as those reported in the literature (12) . The fiber outgrowth produced by ACh and cyclic nucleotides differed distinctly from that produced by NGF. The maximal fiber outgrowth achieved by these substances was much smaller than that produced by NGF.
Moreover, ACh and cyclic nucleotides produced a massive radial outgrowth of non-neuronal fibroblast-like cells which during superficial inspection could be confused with outgrowing nerve fibers. Optimal effects obtained with ACh, dibutyryl cyclic AMP and dibutyryl cyclic GMP were not inhibited by NGF-antibody. In contrast to preliminary reports from other laboratories (6, 7) there were no effects on fiber outgrowth induced by concan avalin A and K' over a wide range of concentrations.
GRb, alone produced no fiber outgrowth whatever over a large range of concentrations.
However, this saponin potentiated markedly the response of the dorsal root ganglia to NGF.
This potentiating effect was specific for NGF and did not occur when fiber outgrowth was elicited by A.Ch or cyclic nucleotides. The mechanism of the potentiating effect remains to be established; it is not even amenable to pertinent speculations, since the mechanism of the NGF-mediated fiber outgrowth is unknown as are the mechanisms of a large variety of biological effects of the Ginseng saponins. The latter include stimulation of RNA and protein synthesis in rat liver cells, an enhanced cholesterol synthesis in serum and liver (13, 14, 15, 16) and behavioral effects (17) . The chemical properties of this saponin suggest a membrane effect influencing either the uptake of NGF into the ganglionic neurons or the consequences of the NGF-receptor interaction in the neuronal membrane.
Although the molecular mechanism of the potentiating effect of GRb, remains to be established, the potentiating effect provides a tool for increasing the sensitivity of the chick dorsal root ganglion preparation when used for the biological determination of NGF activity.
